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(57) Abstract: To avoid voids in the metal layer in holes of printed circuit boards, a conveyorized plating line and a method for 
electn)l3rtical]y metal plating printed circuit boards are proposed which provide measures for reducing an electric voltage that builds 
up between adjacent printed circuit boards being conveyed through the line. 
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Conveyorized Plating Line and IMethod for Electroiytically Metal Plating a 
Worlcpiece 

Specification: 

5 

The invention relates to a conveyorized plating line for electroiytically metal 
plating a workpiece and to a method for electroiytically metal plating a 
workpiece in a conveyorized plating line. 

10 A such type conveyorized plating line is described in DE 36 24 481 A1 . The 

electrolytic cells with the anodes and the workpiece employed as a cathode are 
placed in a tank. An electrolyte is kept in a storage tank and is delivered to the 
work space by means of pumps. The conveying members are clamps. In the 
work space, endless revolving clamps disposed on a belt perform the functions 

15 of supplying the current and of conveying the printed circuit boards and the 
printed circuit foils. 

In other lines, the current is supplied to the work through driven contact wheels. 
The contact wheels may also serve to convey the wori< through the line. Such a 
20 line with contact wheels is described in DE 32 36 545 A1 . 

Horizontal conveyorized plating lines are also known in which the work is 
vertically hung from revoMng conveying means, using clamps (U.S. Patent No. 
3,643,670). 

25 

The known lines have the advantage that the printed circuit boards can be 
manufactured efficiently since very little handling is needed. 
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However, It has been found that, in the holes made in the printed circuit boards, 
voids fomn in the copper layer which in such lines is electrolytically deposited on 
the walls of the holes. Voids also occur in the same way while the entire 
exterior surface of the printed circuit boards is being electrolytically copper- 
plated, using for example the sequential build-up technique for manufacturing 
these boards. With this technique, a thin layer of copper is at first electroless 
plated on the exterior side of a printed circuit board material having no copper 
layer, the thus obtained copper layer being then electnDlytically reinforced. 



Accordingly, it is the object of the present invention to manufacture workpieces, 
more specifically printed circuit boards and other circuit earners, in plating lines 
without such voids occurring in the electrolytic metal layer. 



The object is achieved by the conveyorized plating line for electrolytically metal 
plating according to claim 1 and by the method for electrolytically metal plating 
in a conveyorized plating line according to claim 14. Prefenred embodiments of 
the invention are recited in the subordinate claims. 



The conveyorized plating line according to the invention serves for the 
electrolytic metal plating of workpieces (wori<), more specifically of printed 
circuit boards and other circuit carriers such as hybrid integrated circuit carriers, 
more specifically multi-chip modules. In the plating line, the workpieces can be 
conveyed one behind the other more specifically in a horizontal direction of 
transport: and preferably in a horizontal plane of transport:ation (or possibly also 
in a vertical plane of transportation) by means of suited conveying means. The 
line Is provided with means for contacting the workpieces with an electrolyte 
fluid while they are being conveyed through the line. Further, at least one 
electric contacting facility for the woricpieces, and preferably anodes preferably 
arranged substantially parallel to the conveying path as well, are provided 
together with at least one current supply (current source). 



When the conveyorized plating line for the electrolytic metal plating of 
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workpieces is in operation, said workpieces are fed to the line througii wliich 
they are conveyed, more specifically in a horizontal direction of transport, by 
means of conveying means before they exit the line again. While the 
workpieces are being passed through the line, they are contacted with an 
electrolyte fluid and are electrically connected to a cun-ent supply through at 
least one electrical contacting member. 

It has been found that an electric voltage (potential difference) is generated 
between adjacent workpieces (directly following each other in the line) that are 
being conveyed through the line. Such a conveyorized plating line is suited for 
preventing the voids mentioned from forming during electrolytic metal plating 
when means are provided for reducing, more specifically minimizing, said 
electric voltage. 

In the specification of the invention that follows, reference will be made to 
printed circuit boards only. However, the invention is directed in the same way 
to other circuit carriers and other work as well that are suited for being 
processed in such a conveyorized line. In so far, the more general term 
„workpieces" may be substituted for the temi „printed circuit board" throughout 
the present specification. 

The printed circuit boards may for example be placed in electric contact by 
means of clamps or contact wheels for example. These electrical contacting 
members are also capable of concurrently conveying the printed circuit boards 
through the line. The printed circuit boards are cathodically connected for 
electroplating. 

As the printed circuit boards enter a processing station of such a conveyorized 
plating line, they are passed through four different zones: 



Zone A: The printed circuit boards are fed to the line in an electrolyte-free 
medium. The printed circuit boards generally enter the plating line 
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in rapid succession, spaced a small distance from eacln other. 
Tine spacing between adjacent printed circuit boards, as viewed in 
the direction of transport, typically amounts to about 10 mm. 

The printed circuit boards are for example passed through 
entrance slots provided in partition walls and through sealing rolls 
or other sealing means and reach the electrolyte (entrance 
region). In this region, electrolytic reactions may take place at the 
surface of the printed circuit boards. 

The printed circuit boards are placed in electric contact and are 
connected to a pole of a plating cun-ent source (transition region). 

The printed circuit boards reach the region of the anodes 
(processing region). There they form, together with the anodes, 
the electrolytic cell for the treatment intended. 

Tests showed that in conventional conveyorlzed plating lines the copper 
surfaces on the printed circuit boards are electrochemically etched in the 
entrance region In which the printed circuit boards are already contacted with 
the electrolyte fluid but are not yet placed in electric contact and have not yet 
reached the region of the anodes, which is not convenient. Such an etch attacic 
may be observed with all of the cunrently used electrolytes and is almost 
independent of the type of the anodes. This attacl^ is particularly inconvenient 
when very thin copper layers are used. In some regions of the printed circuit 
boards, the copper layers, which are necessary for electroplating, are 
completely dissolved. Scrap material may thus be generated during production. 

This effect is to be observed between the boards that are conveyed one behind 
the other. Tests showed that the relationship between the border region of one 
printed circuit board and the border region of an adjacent board leads to a 
disturt>ing potential difference between the adjacent boards. In the zones B to 



Zone B: 



Zone C: 



Zone D: 
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D, a local electrolytic cell with differing cell voltages thus forms between the two 
adjacent boards. 

Accordingly, the anodically polarized border region of one of the two adjacent 
printed circuit boards is electrochemically etched. The etch rate substantially is 
a function of the cell voltage, of the spacing between the adjacent boards and 
of the processing time of the printed circuit boards, i.e., the speed at which they 
are transported. As a result of the peak effect of the electric field, the edges in 
the border region of this board will be etched more than plane regions in these 
border regions. Such edges form e.g., the entrance of through holes and blind 
holes in the printed circuit boards. 

Prior to electrolytic plating, these drilled holes are metal plated via an external 
current-free chemical (electroless) method and are thus rendered electrically 
conductive. As compared to electrolytic metal plating, these chemical metal 
plating methods are technically complicated and expensive. One tries to only 
use very thin layers during chemical metal plating. A typical layer thickness for 
chemical copper plating is for example 0.2 pm. The base metal layers at the 
surfaces of the printed circuit boards are generally much thicker, e.g., of 5 - 
17 /ym thick. These layers are not at risk when exposed to an electrochemical 
etch attack in the entrance region of the plating line. The thin chemical copper 
layer deposited over the entire surface using the SBU technique however is 
also affected by the etch attack, at least in the zones B and C. Not before the 
printed circuit boards reach region D in the actual electrolytic cell are the 
printed circuit boards electroplated all over. Generally, the printed circuit boards 
are not etched in this zone. 

The circumstances in which the electroplating process is canied out in prior art 
lines will be described herein after in closer detail with reference to the Figs. 1 
and 2. which will permit to thereafter explain the functioning of the present 
invention. 
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Fig. 1 is a schematic cross-sectional view of tlie front region of a prior art 
conveyorized plating line; 

Fig. 2 is a view according to Fig. 1 indicating the electric voltage drops 
between adjacent boards. 

Fig. 1 shows a plating tank 1 of a conveyorized plating line the electrolyte 
space 2 of which is filled with an electrolyte fluid that is collected in the line by 
means of sealing rolls 3 and of a sealing wall 4. By means of transport rollers 8, 
the printed circuit boards 5,6,7 are conveyed in the direction of transport, which 
is indicated by an arrow, to the conveyorized plating line and are passed there 
through. The incoming printed circuit boards 5,6,7 reach the electrolyte space 2 
in the region of the sealing rollers 3. At the first contacting member 9, the 
boards 5,6,7 are for the first time placed in electric contact with the negative 
pole of a plating cun-ent source schematically shown on the right upper margin 
of the Fig. by means of a metallic contact. Further electrical contacting 
members 16 that supply the electroplating current to the printed circuit boards 
5,6,7 are arranged along the transport path. 

The numeral 10 identifies members for delivering the electrolyte fluid to the 
surfaces of the printed circuit boards 5,6,7. Such delivering members may for 
example be flow nozzles, jet nozzles or spray nozzles. The numeral 11 further 
identifies anodes that are, in the present case, disposed substantially parallel to 
the conveying path on which the printed circuit boards 5,6,7 are transported 
and that extend at least over the entire width of the conveying path. The 
anodes 1 1 utilized may be conventional anode boxes with soluble anode 
material such as copper balls for depositing copper or may be insoluble anodes 
made from titanium, special steel or from another material. 



According to Fig. 1 , the printed circuit board 5 is located farthest inside the line, 
in the region of the electrolyte delivering members 10, the flow nozzles for 
example, and in the region of the anodes 11. This region of the line is called 
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Zone D (processing region). In Zone D, the printed circuit board 5 is entirely 
placed in electric contact. At the same time, it is located completely within the 
electrolytic cell fomned by the very printed circuit board 5 and by the anodes 1 1 . 
The board 5 is electroplated on the entire surface thereof - both on the one 
exterior side and on the other exterior side - as anodes 11 are provided on 
either side of the conveying path for the printed circuit board 5. 

In Zone C (transition range), the printed circuit board 6 is already placed in 
electric contact through the contacting members 9 and 16. As no anodes 11 
are provided in this region though, the electroplating current that flows onto this 
printed circuit board 6 in this zone is not efficient. 

In Zone B (entrance region), the printed circuit board 6 is already placed in 
electric contact through the contacting member 9 as well and behaves like in 
Zone C. 

Printed circuit board 7, by contrast, already has the front region thereof in Zone 
B in the electrolyte space 2 but has not yet been placed in electric contact like 
printed circuit board 6. 

In Zone A there is no electrolyte. This region has no electrolytic effect. 

As the printed circuit boards 5,6,7 are conveyed through the Zones described, 
different electric potentials are applied to said boards. These differences 
generate electric voltages (potential differences) between the adjacent printed 
circuit boards 5 and 6 and between the boards 6 and 7 respectively. Meaning, 
local electrolytic cells fomn between two respective printed circuit boards that 
are placed in contact with the electrolyte fluid. The cell voltage of these local 
electrolytic cells is the electric voltage generated, which may differ locally. 

Fig. 2 shows the electric potential differences generated in such a line. 
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In this case, the border region 12 of a first printed circuit board 5 is adjacent the 
border region 13 of a second printed circuit board 6. The spacing between the 
two printed circuit boards 5 and 6 amounts to about 10 mm for example. 
Voltages U(s) are generated over the distance separating these two printed 
circuit boards and also over the distance between the printed circuit boards 6 
and 7. These voltages U(s) vary along the distance s covered by the printed 
circuit boards 5,6,7 inside the conveyorized plating line. The voltage U(s) 
particulariy differs in the zones B and C described. 

The electrolyte in the electrolyte space 2 in zone B establishes between the 
printed circuit board 7 and the anodes 11a weakly conductive electric 
connection. As a result thereof, an anodic potential is formed at the border 
region 15 of the printed circuit board 7, which is partially in Zone B. Printed 
circuit board 6, by contrast, is already placed in low impedance electrical 
contact through the first contacting member 9 and through an additional electric 
contacting member 16. As a result thereof, this printed circuit board 6 is near 
ground potential, i.e., approximately at 0 volt. This results in a voltage U(s) 
being generated between the printed circuit boards 6 and 7. As compared to 
the ground potential, the potential of board 7 in the border region 15 is 
therefore positive. This results in the anodic region of the printed circuit board 7 
being electrochemically etched. 

As the boards are passed through the sealing or partition wall 4 and through 
the sealing rollers 3, the voltage U(s) between the adjacent boards 6 and 7 is at 
first small and amounts for example to about 50 millivolt. It Increases as printed 
circuit board 7 is being conveyed through the line until said board 7 reaches the 
first contacting member 9 where a voltage value of about 500 millivolt is 
reached. The etch rate at the printed circuit board 7 also increases 
continuously. 



In Zone C, the adjacent printed circuit boards 5 and 6 are placed in low 
impedance electrical contact through the contacting members 9. and 16. As a 
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result thereof, the voltage U(s) between these two boards 5 and 6 tends to zero 
In this region of the line. In the border region 12 of the printed circuit board 5 
and In the border region 13 of the printed circuit board 6, the metal Is therefore 
hardly electrochemically etched. 

The etch attack in Zone B, by contrast, is so strong that it may lead to quality 
problems during the electrolytic processing in the conveyorlzed plating line. 
How the boards are placed in electric contact at the contacting members 9 and 
16 is thereby of minor importance. It has been found that a disturbing etch 
attack occurs with the contact being established by means of rollers, wheels or 
clamps alike. 

Accortlingly, the one board of each pair of adjacent printed circuit boards in a 
conveyorized plating line fomns the anode and the other the cathode of an 
electrolytic cell formed by these two boards. The anode of this pair is 
electrochemically etched, meaning the top metallic layer is removed. This layer 
Is the metal plated copper layer described herein above that has been 
deposited using an external current-free chemical method. The etch attack 
causes local voids to fomi in the chemical copper layer in the border region of 
the printed circuit boards. To avoid this Is an object of the invention. 

The solution to this object is to reduce / minimize the electric voltage between 
adjacent printed circuit boards in the line, an electric voltage U(s) of 0 volt being 
aimed at. 

In a preferred embodiment of the invention, the conveyorized plating line 
therefore has at least one guard electrode provided for in the entrance region in 
which the printed circuit boards enter the line. In principle, a guard electrode 
may also be provided for In the exit region where the printed circuit boards exit 
the line In order to reduce or minimize, in that region as well, a disturbing effect 
of potential differences generated. The guard electrode serves to reduce or 
minimize the electric voltage between adjacent printed circuit boards In the line. 
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Preferably, the guard electrode is electrically connected to the ground potential 
(0 volt). It is disposed in the conveyorized plating line in such a manner that it 
substantially delinnits the entrance region from the processing region of the 
printed circuit boards. The processing region for the printed circuit boards is the 
region that accommodates the anodes. A transition region is located between 
the entrance region and the processing region. In the transition region, the 
workpieces may already be placed in electric contact without reaching the 
region of the anodes, though. 

A guard electrode disposed in this region applies a certain cathodic potential to 
the printed circuit board that happens to be there so that the electric voltage is 
reduced or minimized relative to the preceding board. The guard electrode is 
more specifically disposed in the transition region between Zone B and Zone C, 
and is preferably located, as viewed in the direction of transport, directly in front 
of the first electrical contacting member for the printed circuit boards (first time 
the printed circuit boards are placed in electric contact in Zone B). 

In the line, the guard electrode Is preferably disposed in such a manner that it 
does not touch the printed circuit boards as these are being conveyed through 
the line. Damage to the printed circuit boards Is thus avoided. Moreover, the 
guard electrode does not wear under these circumstances so that It is almost 
maintenance-free. 

As opposed to the anodes, the guard electrode is cathodically polarized and 
may be connected for this purpose to the negative pole of the cun-ent source. 
As a result thereof, the region lying in front of the guard electrode in the 
electrolyte space, as viewed in the direction of transport, (Zone B) is efficiently 
screened from the processing region with the potential in Zone B being 
adjustable through the cathodic potential of the guard electrode. 

For a better adjustment of the cathodic potential of the guard electrode in Zone 
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B in the electrolyte space, the guard electrode can be connected, by way of at 
least one limiting resistor, to the negative pole of the current source for 
electrolytic metal plating. If the limiting resistor is adjustable, the cathodic 
potential in Zone B may be adjusted with even greater accuracy. By adjusting 
the limiting resistor it is not only meant to regulate said resistor element but 
also to select a limiting resistor that has a suited resistance value. This more 
specifically permits to achieve an even better equalization of the potential of the 
printed circuit boards in the Zones B and C. 

By selecting the number, the shape, the spatial arrangement and/or the size of 
the guard electrodes, the cathodic potential from one printed circuit board to 
the other in the region of the guard electrode may be further equalized so that 
the electric voltages between adjacent printed circuit boards are further 
reduced or minimized. 

More specifically, the guard electrode can be made from an electrically 
conductive material that is also resistant to the chemicals utilized. 

Another possibility to minimize the electric voltage between the adjacent printed 
circuit boards consists in supplying the respective contacting members, more 
specifically in the transition zone (Zone C) and in the first region of Zone D, with 
a lower voltage than the contacting members in the following Zone D. For this 
purpose, an electric resistance is more specifically connected between the 
respective one of the contacting members and the negative pole of the plating 
current source. These compensating resistors may for example be connected 
in parallel in the cunrent supply line leading from the cun-ent source to the 
contacting members. The compensating resistors may also be connected in 
series between the contacting members in the current paths leading to the 
contact sites. More specifically in the case of a connection in parallel, the 
resistance values of these compensating resistors preferably vary from one 
contact site to the other. 
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The electric potential of the contacting membere may be adjusted as a result 
thereof. Through the adjustability of the resistance values of these 
compensating resistors, meaning that they may be increased or reduced in 
size, the electric potential of the contacting members can be adjusted with even 
greater accuracy In order to reduce or minimize the electric voltage between 
adjacent printed circuit boards. By adjusting the resistance value of a 
compensating resistor It Is not only meant to regulate a resistor element but 
also to select a compensating resistor that has an appropriate resistance value. 

Generally, a plurality of contacting members are provided for in the 
conveyorized plating line e.g., a row of clamps that are disposed, as viewed In 
the direction of transport, one behind the other in a spaced relationship on an 
endless revolving belt which is supported on rolls and that take clampingly hold 
of the printed circuit boards, or several contacting rolls that are also disposed 
one behind the other in a spaced relationship and roll on the borders of the 
printed circuit boards, or several contact rollers that are also disposed one 
behind the other in a spaced relationship as viewed In the direction of transport 
and roll on the printed circuit boaitls. 

In such a case, one compensating resistor can be assigned to a respective one 
of the contacting members in the transition region, the respective one of the 
compensating resistors being preferably connected In series In the cun-ent 
supply line between adjacent contacting members that are connected in 
parallel. In this case, the size of the various compensating resistors may be 
adjustable. As a result thereof, the voltage drops in the compensating resistors 
that are assigned to the individual contacting members are individually 
adjustable. The electric voltage between adjacent printed circuit boarcis may 
thus be minimized further through the at least one compensating resistor so 
that the cathodic potential of the printed circuit boards may be regulated and 
adjusted, also taking into consideration various geometric situations In the 
conveyorized plating line and various fonnats and other parameters of the 
printed circuit boards such as the thickness of the copper cladding, the circuit 
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pattern (size of the area to be metal plated) and the type of metallization 
(possibly taking into consideration other metals that are to be found on the 
surfaces of the printed circuit boards). 

In case at least two contacting members with electric compensating resistors 
were provided for, it further proved advantageous to adjust (or select) the 
compensating resistors so that the voltage drop is greatest in that 
compensating resistor which is assigned to the first contacting member as 
viewed in the direction of transport. As a result thereof, the potential differences 
usually generated in the transition region from Zone C to Zone D between the 
discrete printed circuit boards which happen to be in these regions are 
minimized. 

In a particulariy advantageous embodiment, the cun-ent supply is electrically 
connected to the electric contacting members for the wori<pieces through 
current lines and through a sliding contact rail or through brushes, the current 
path being divided into segments that are electrically isolated from one another 
in proximity to the entrance region of the line. I.e., in the end region of the 
current path facing the entrance region, more specifically in Zone C, a 
compensating resistor and a contacting member being assigned to a respective 
one of the discrete segments. A connection in series is thus obtained in which 
the voltage at the contacting members steadily decreases towards the 
transition region A, even if the values of the discrete resistances are equally 
high. 

Compensating resistors are assigned to the contacting elements or to the 
contact rail segments preferably in the transition region and at the beginning of 
the processing region in the line but not in the remaining processing region. 



Generally, the printed circuit boards are contacted with the electrolyte fluid in 
the electrolyte space by leading them into an electrolyte space filled with an 
electrolyte fluid, as they are being conveyed through the line. For this purpose. 
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they enter a space in which the fluid accumulates and exit said space once 
they have been conveyed through the line. Usually, sealing means are provided 
for this purpose at the entrance and exit for the printed circuit boards in order to 
retain the electrolyte fluid inside the electrolyte space. Such type sealing means 
are for example quite narrow slots in the tank walls through which the printed 
circuit boards enter or exit said tank and sealing rollers that are disposed 
directly behind said slots. Such sealing rollers seal the electrolyte space from 
the exterior space and largely prevent the electrolyte fluid from escaping from 
the electrolyte space. Nomnally. the sealing rollers are placed on top of each 
other in a close relationship and are only pushed apart by the printed circuit 
boards passing there through. 

The Figs. 3 to 5 serve to explain the invention in more detail. 

Fig. 3: is a schematic cross-sectional view of the front region of an 

electroplating line with a guard electrode according to the 
invention and shows the reducHon or minimization of the electric 
potential difference between adjacent printed circuit boards that 
may be obtained therewith; 

Fig. 4: is a schematic cross-sectional view of the front region of an 

electroplating line with an additional inventive measure and shows 
the equalization of the potential differences that may be obtained 
therewith; 

Fig. 5: is a schematic cross-sectional view of the front region of an 

electroplating line in which the guard electrode is contacted with a 
current source through compensating resistors that at the same 
time act as limiting resistors. 



The front region of a conveyorlzed plating line according to the invention as it is 
illustrated In Fig: 3:has a tank 1 for the electrolyte fluid provided in an 
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electrolyte space 2. The printed circuit boards 5,6,7 are conveyed through the 
line by means of stationary transport rollers 8. They enter the line, passing 
through an entrance slot provided in the sealing wall 4 and between sealing 
rollers 3. The slot in the sealing wail 4 is selected to be as narrow as possible in 
order to minimize electrolyte fluid escape. The sealing rollers 3 additionally seal 
the electrolyte space 2 from the exterior space so that a small amount of 
electrolyte fluid only is allowed to leak into the exterior space. The incoming 
printed circuit boards 5,6,7 raise the upper one of the two sealing rollers 3 to 
enter the electrolyte space 2. The printed circuit boards 5,6,7 are conveyed 
through the line in close succession. The spacing between two printed circuit 
boards is for example about 10 mm. 

In an effort to avoid etch attack in the metal layers on the printed circuit boards 
5,6,7, at least one guard electrode 17,18 is mounted according to the invention 
In the electrolyte space 2 in Zone B as shown in Fig. 3. Such a guard electrode 
17,18 is preferably disposed both on the upper and on the lower side of the 
transport path on which the printed circuit boards 5,6,7 are conveyed. The 
guard electrodes 17,18 are made of a chemically resistant material that Is 
electrically conductive on portions of the surface at least. Certain special steels, 
titanium or other acid-resistant, electrically conductive materials are suited 
there for. 

The upper and lower guard electrodes 17,18 cause the printed circuit boards 
5,6,7 in Zone B to be at a cathodic potential before said boards are electrically 
connected to the current supply through contacting members 9,16 as they are 
being passed through the line, so that the boards are then at grxjund potential 
0 volt. 

For this purpose, the printed circuit boards 5,6,7 are conveyed through the line 
in the direction indicated by an arrow. In the snapshot shown in Fig. 3, the 
printed. circuit board 5 has already been conveyed farthest within the line and is 
already.placed in electric contact by the contacting members 16. The printed 



wo 03/083185 ^^T/EP03/02763 

16 

circuit board 7, by contrast, only has its front region inside tiie electrolyte space 
2. The rear region of this printed circuit board 7 is still in the exterior space of 
the line. The printed circuit board 6, which has already entered the line, is 
located between the two boards 5 and 7 in the Zones B and C. The center of 
this printed circuit board 6 is already placed in electric contact through the 
contacting member 9 and the fix)nt region thereof through the contacting 
members 16. Said printed circuit board 6 is also just about to pass the guard 
electrodes 17,18. 

The guard electrodes 17,18 are in electric contact with the ground potential of 
the cunrent source illustrated on the top right margin of the Fig. 

In the electric connection between the guard electrodes 17,18 and the current 
supply, limiting resistors 19,20 are provided for, the cathodic potential of the 
guard electrodes 17,18 being adjustable byway of the resistance values 
thereof. 

The action of the guard electrodes 17,18 is greatest when the limiting resistors 
19,20 have a resistance value of «0 ohm. Then, the cathodic polarization of the 
guard electrodes 17,18 is so high that the polarity of the voltage U(s) between 
the printed circuit boards 6 and 7 is reversed. In these circumstances, the 
printed circuit board 7 is at a cathodic potential relative to the printed circuit 
board 6 so that an electrolytic cell forms between these two printed circuit 
boarels. In this case, the border region 14 of the printed circuit board 6 is 
anodically polarized relative to the border region 15 of printed circuit board 7. 
Accordingly, there is a risk in ttiis case that the printed circuit board 6 be 
etched. This overcompensation is avoided by the insertion of the limiting 
resistors 19,20 and by an appropriate adjustment of the values of these 
compensating resistors or by the suited selection of limiting resistors having the 
appropriate resistance values and/or by the reduction of the efficient surface of 
the guard electrodes 17,18. In this case, the limiting resistor is formed by the 
electrolyte. The values of the limiting resistors 19;20. are preferably set to range 
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from 10 to 100 milliohm. Their dimensions are such that the potential of the 
guard electrodes 17,18 generates a voltage drop that approximately equals 
U(s), measured in volt, and that is opposed to the voltage U(s) between the 
printed circuit boards 6 and 7 so that the potential in the printed circuit boards 6 
and 7 is equalized. 

With only one of the two guard electrodes 17 or 18 being used, the cathodic 
potential is also equalized, although the effect is smaller. 

A conveyorized plating line equipped in this way permits to avoid an etch attack 
of those printed circuit boards that happen to be in Zone B. 

As soon as the printed circuit board 6 is placed for the first time in low 
impedance electrical contact at the first contacting member 9 and enters Zone 
C no electroplating current flows toward the printed circuit board 6 since said 
printed circuit board 6 is still in Zone B and has not yet reached the region of 
the anodes 11. Hence, but a small cument flows through the contacting 
members 9. The electric voltage drops at the contacting member 9 along the 
path s are small. 

The case is different with the printed circuit board 5 that has already reached 
Zone D. Here, the cunrente passing through the contacting members 16 are 
great. The voltage drops at these contacting members 16 are accordingly high. 
A voltage U(s) builds up between the border regions 12 and 13 of the printed 
circuit boards 5 and 6. The border region 12 of the printed circuit board 5 is 
positively polarized relative to the border region 13 of printed circuit board 6. 
Therefore, the border region 12 is electrochemically etched in Zone C. 

Such an etch attack is avoided by the measure described with reference to 
Fig. 4. Compensating resistors 21 that are assigned to the contacting members 
9,16 are inserted in the current paths of said contacting members 9,16. Said 
compensating resistors 21= are indicated at R1 , R2,and R3: The number of 
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compensating resistors 21 is deterniined by local conditions, more specifically 
by the number of contacting members 9,16 in the Zones C and D. Here, the 
compensating resistors R1, R2 and R3 are connected in series. The same 
effect is obtained by inserting a compensating resistor 21 into the current path 
of every contacting member 9,16 and by selecting for each resistor an 
appropriate resistance value. 

The compensating resistors 21 are sized so that, at the electroplating current 
flowing through the contacting members 9,16. which is still small in Zone C, the 
voltage drop generated approximately equals the voltage drop generated at the 
compensating resistors 21 that are assigned to the contacting members 16 in 
Zone D. As a result thereof, the voltage U(s) between the printed circuit boards 
5 and 6 is low in this Zone as well. Accordingly, no etch attack takes place in 
this Zone either. In conventional electroplating lines, the compensating resistor 
values for R1, R2, R3 range from about 100 milliohm to about 1 milliohm. The 
efficient compensating resistor value preferably decreases in the direction of 
transport of the printed circuit boards 5,6,7 because the current through the 
contacting members 9,16 Increases. 

Eventually, Fig. 5 shows another prefen-ed embodiment of the present 
invention in which the limiting resistors 19 and 20 that were utilized in the 
embodiment according to Fig. 4 may be dispensed with. A simpler stmcture of 
the line is thus made possible. In order to pemnit in this case as well the 
adjustment of the cathodic potential of the guard electrodes 17,18, an 
appropriate potential between the compensating resistors 21 shown in the line 
according to Fig. 4 is scanned. In this connection tests showed that the size 
variation of the compensating resistors 21 is so small that in practice a suited 
connection site for placing the respective one of the guard electrodes 17,18 in 
electric contact can always be found in order to adjust the cathodic potential of 
the guard electrodes 17,18 to a value that allows the voltage U(s) between 
adjacent printed circuit boards to drop to zero, more specifically in the entrance 
region of the line. 
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In the present case, the potentials for the guard electrodes 17,18 between the 
compensating resistors R1 and R2 were scanned. If, when the guard 
electrodes are connected between the resistors R1 and R2 for example, the 
voltage is too low, the connection can be established between R2 and R3 as 
shown in a dashed line in Fig. 5. 

For the rest, the features of the device in Fig. 5, which are not described in 
closer detail herein, correspond to the corresponding features of Fig. 3 and 
Fig. 4. 

All of the potentials and voltage drops of the compensation measures 
generated in the discrete Zones increase as the current density increases and 
vice versa. Since greater cunrent densities require greater compensation 
measures, the invention Is almost independent of the current density used. 

The invention is particularly advantageous in providing wear-free plating line 
elements. Only passive elements are used; more specifically, no sliding contact 
is used in order to shunt the disturbing electric voltages between the printed 
circuit boards. 

Surprisingly, it has been found that the cathodic guard electrode(s) are metal 
plated to a minimum extent only. A slightly chemically etching electrolyte fluid 
suffices to prevent metallization of the guard electrodes. If it does not, the 
guard electrode 17 may be efficiently prevented from being metal plated by 
installing between the guard electrode 17 and the anode 11, or between the 
guard electrode 18 and the anode 11, a screen with an electrically non 
conductive surface that extends on the one side from the vicinity of the printed 
circuit board and terminates on the other side at the bath level or at the bottom 
of the tank. In this case, the measure of the invention is completely 
maintenance-free. 
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It is understood that the examples and embodiments described herein are for 
illustrative purpose only and that various modifications and changes in light 
thereof as well as combinations of features described in this application will be 
suggested to persons skilled in the art and are to be included within the spirit 
5 and purview of the described invention and within the scope of the appended 
claims. All publications, patents and patent applications cited herein are hereby 
incorporated by reference. 
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Listing of numerals 

1 plating tank 

2 electrolyte space 
5 3 sealing rollers 

4 sealing wall 

5,6 J printed circuit boards 

8 transport roller 

9 contacting member 

10 10 delivering members for the electrolyte fluid (such as flow nozzles) 

1 1 anodes 

12 border region of the printed circuit board 5 
13,14 border regions of the printed circuit board 6 
15 border region of the printed circuit board 7 

15 16 contacting member 

17 upper guard electrode 

18 lower guard electrode 

1 9 limiting resistor of the guard electrode 1 7 

20 limiting resistor of the guard electrode 1 8 

20 21 compensating resistors of the contacting members 9,16 

U(s) voltage between two border regions of a printed circuit board 

s path traveled by the printed circuit boards 5,6,7 through the 

conveyorized plating line 
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Patent Claims: 

1 . A conveyorized plating line for electrolytically metal plating workpleces, 
wherein means {17,18;21) are provided to reduce an electric voltage that builds 
up between adjacent workpieces (5,6,7) being conveyed through the line. 

2. The conveyorized plating line according to claim 1 , wherein the means are at 
least one guard electrode (17,18) that is provided for in the line, in an entrance 
region for the workpieces (5,6,7). 

3. The conveyorized plating line according to claim 2, wherein the at least one 
guanJ electrode (17,18) substantially delimits the entrance region from a 
processing region for the workpieces (5,6,7) in which anodes (11) are 
disposed. 

4. The conveyorized plating line according to one of the claims 2 and 3, 
wherein the at least one guard electrode (17,18) is disposed in such a manner 
that it does not touch the workpieces (5,6,7) as they are being passed through 
the line. 

5. The conveyorized plating line according to one of the claims 2-4, wherein 
the at least one guard electrode (17,18) is cathodically polarizable relative to 
the anodes (11). 

6. The conveyorized plating line according to one of the claims 2-5, wherein 
the at least one guard electrode (17,18) is connected to a current source for 
electrolytic metal plating through at least one limiting resistor (19,20). 
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7. The conveyorized plating line according to claim 6, wherein the at least one 
limiting resistor (19,20) is adjustable. 

8. The conveyorized plating line according to one of the claims 2-7, wherein 
5 the number, the shape, the spatial arrangement and/or the size of the at least 

one guard electrode (17,18) are detenmined in view of the reduction of the 
electric voltage between adjacent workpieces (5,6,7) in the line. 

9. The conveyorized plating line according to one of the afore mentioned 

10 claims, wherein at least one cunrent source providing an electric current flow to 
the workpieces (5,6,7) is provided, wherein electrical contacting members (9, 
16) for the workpieces (5,6,7) are provided and wherein at least one electric 
compensating resistor (21) is provided for in a current path leading from the 
current source to the contacting members (9,16). 

15 

10. The conveyorized plating line according to claim 9, wherein the at least one 
current source is electrically connected to the electrical contacting members 
(9,16) for the workpieces (5,6,7) through current lines and a contact rail or 
brushes, at least one electric compensating resistor being mounted in series in 

20 proximity to the entrance region of the line and the contacting members being 
connected to either end of the at least one compensating resistor. 

1 1 . The conveyorized plating line according to one of the claims 9 and 10, 
wherein the at least one compensating resistor (21) is adjustable. 

25 

12. The conveyorized plating line according to one of the claims 9-11, 
wherein, if at least two contacting members (9,16) are provided, the 
compensating resistors (21) are adjustable in such a manner that the voltage 
drop is greatest In that compensating resistor (21) which is assigned to the first 

30 contacting member (9) as viewed in the direction of transport: 

13. The conveyorized plating line according to one of the afore, mentioned 



wo 03/083185 




;T/EP03/02763 



claims, wherein, for contacting the workpieces (5,6,7) with the electrolyte fluid 
as they are being passed through the line, a space in which the electrolyte fluid 
accumulates is provided which the workpieces (5,6,7) can enter and which the 
workpieces (5,6,7) can exit again once they have been conveyed through the 
line. 

14. A method for electrolytically metal plating workpieces in a conveyorized 
plating line comprising feeding workpieces to the line, conveying the 
workpieces there through and exiting the workpieces said line again and 
reducing an electric voltage that builds up between adjacent workpieces (5,6,7) 
being conveyed through the line. 

15. The method according to claim 14, wherein the electric voltage between 
adjacent workpieces (5,6,7) in the line is reduced through at least one guard 
electrode (17,18) being provided in the line. 

16. The method according to claim 15, wherein the electric voltage is reduced 
through the at least one guard electrode (17,18) by the fact that it substantially 
delimits an entrance region in the line from that region in the line in which the 
anodes (11) are disposed. 

17. The method according to one of the claims 15 and 16, wherein the at least 
one guard electrode (17,18) is disposed within the line in such a manner that it 
does not touch the workpieces (5,6,7) as they are being conveyed through the 
line. 

18. The method according to one of the claims 15-17, wherein the at least one 
guard electrode (17,18) is connected to the negative pole of a cunrent source 
providing an electric current flow to the workpieces (5,6,7). 

19. The method according to one of the claims 15-18, wherein the potential of 
the at least one guard electrode (17,18) is cathodically adjusted through at 
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least one limiting resistor (19,20) that is electrically connected to the negative 
pole of the current source. 

20. The method according to one of the claims 15-19, wherein the number, 
5 the shape, the spatial anrangement and/or the size of the at least one guard 

electrode (17,18) are determined in view of the reduction of the electric voltage. 

21 . The method according to one of the claims 14-20, wherein the electric 
voltage between adjacent woricpieces (5,6,7) in the line is adjusted through at 

10 least one compensating resistor (21 ) respectively, said compensating resistor 
being assigned to contacting members (9,16) for the workpleces (5,6,7). 

22. The method according to claim 21 , wherein the electric resistance of the at 
least one compensating resistor (21) is adjusted in such a manner that the 

1 5 electric voltage between adjacent workpieces (5,6,7) is minimized. 

23. The method according to daim 22, wherein, if at least two contacting 
members (9,16) are provided, the compensating resistors (21) are adjusted in 
such a manner that the voltage drop is greatest in that compensating resistor 

20 (21 ) which is assigned to the first contacting member (9) as viewed in the 
direction of transport. 

24. The method according to one of the claims 14-23, wherein the workpieces 
(5,6,7) are contacted with the electrolyte fluid as they are being passed through 

25 the line by having them enter a space in which the electnalyte fluid accumulates 
and by having them exit said space once they have been conveyed through the 
line. 



INATTONAL SEARCH REPORT 




I Appncailon No 

PCT/EP 03/Q2763 



tp^&T™m!W""*&l/12 HO5K3/O0 



According to Intemafional Patent Classfflcaflon flPC) or lobolh national dasslfleaflon and IPC 



B. REU3S SEARCHED 



Minimum documentation seandied (dasslRcafion system toOowed by dBSsilication aymbote) 

IPC 7 C25D HG5K 



Oocumentaiion searched other than minimum documentation to the extent that such documents are Included In 0ie fields searched 



Eiectronlodatabaseoonsultedduringthe htemationalseaidi (name of data base and, where pracfical, search tennsusecl) 

EPO-Intemal. PAJ 



C, DOCUMENTS CONSIDERED TO BE RELEVWT 



Categoiy* citation of document, wBhlndicafion. where appn>prlale, of the relavanl passages 



Relevant to daim Na 



us 5 292 424 A (BUSING HORST 
8 March 1994 (1994-93-88) 
the whole documsfit 



ET AL) 



US 4 776 939 A (KOSIKOWSKI THOMAS 
11 October 1988 (1988-10-11) 
abstract; figure 1 



ET AL) 



PATENT ABSTRACTS OF JAPAN 

vol. 009, no. 241 (0-386), 

27 September 1985 (1985-09-27) 

& JP 68 180693 A (SHIN NIPPON SEITETSU 

KK) . 4 June 1985 (1985-06-04) 

abstract 

US 4 959 137 A (NATSUOKA ISAMU ET AL) 
25 September 1990 (1990-69-25) 
claims 1-6 



1.14 



1-24 



1-24 



1-24 



□ 



Further documents are Osted In the oonfinuatlonofboxC. 



m 



Patent fairSfy members are Osted In annex. 



" Special categories of dted documents : 

■A" document defining the general state of the art which Is not 

consictered to be of particular relevance 
"E* earlier c&icumsnt but pulsUshad on or after ttia International 

finr^dEtte 

«L" document which may throw doubts on priorgy cl^(^pr 
which is ti&sd to esal3lish tlia publication date of artoiner 
citation or otherspedal reason (as specified) 

■O* document referring to an oral disclosure, use, exhibffion or 
other means 

document publistTed prior to the Internatkmal fiSngdatetiut 
laterthan the prfordy date claimed 



T" later document published after the international filing date 
or priority date and not in confDct vynth the application but 
cited to understand the principle or theory undertying the 
Invention 

"X" document of par&ular relevance; the claimed invention 
cannot to considered novel orcannot be centered to 
fawoive an invanSve step whan the documer^ Is taken alone 

"Y" document of particular relevance; tiie claimed invention 

cannot tie considered to involve an inventive step when the 
docunwm is combing with one or more other such docu- 
ments, such oomlrination tseing obvious to a person skilled 
in the arL 

document mentber of the same patent tamily 



Data of the actual compleflon of the International search 

18 July 2G03 



Date of mailing of the intamatkmal search report 

1 5. 08. 2003 



Name and mantng address of the ISA 

European Patent Office, P.B. 581 8 Patsntlaan 2 
NL.22aDHVRilSw5k 
Tel (+31 -70) 340-2040i Tx. 31 651 epo nl, 
Fax: (+31-70)34(^3016 



Authorized ofitcv 

LARS EKEBERG/JA A 



Farm PCraSiWSio (second <li880 (July 1892} 



INWRNflilDNAL SEARCH REPORT 

^moimatlon on patent famoy memteis 




biterlRRbnal AppIIeatien No 

PCT/EP 03/02763 



Patent document 
dted In seard) report 



Publication 



Patent iamily 
inetnbeF(s) 



Publloallon 
date 



US 5292424 



08-03-1994 



DE 3939681 Al 

AT 123822 T 

CA 2069908 Al 

WO 9108327 Al 

DE 59009253 Dl 

EP 0502915 Al 

ES 2074588 T3 

JP 2944744 B2 

JP 5501284 T 



US 4776939 



06-06- 

15- 06- 
02-06- 
13-06- 
20-07- 

16- 09- 
16-09- 
06-09- 
11-03- 



1991 
1995 
1991 
1991 
1995 
1992 
1995 
1999 
1993 



11-10-1988 DE 3624481 Al 28-01-1988 

AT 395024 B 25-08-1992 

AT 181187 A 15-01-1992 

CA 1329792 C 24-05-1994 

CN 87104909 A »B 29-06-1988 

DE 3645319 C2 28-03-1996 

DE 3783090 01 28-01-1993 

EP 0254030 Al 27-01-1988 

ES 2037026 T3 16-06-1993 

HK 126596 A 19-07-1996 

JP 2103907 C 06-11-1996 

JP 6031476 B 27-04-1994 

JP 63076898 A 07-04-1988 



JP 60100693 


A 


04-06-1985 


NONE 






US 4959137 


A 


25-09-1990 


JP 


2197597 A 


06-08-1990 








JP 


2718736 B2 


25-02-1998 








CA 


1337983 C 


23-01-1996 








GB 


2227253 A ,B 


25-07-1990 



Form PCTJISACIO (paiart famBy afmex) (July 1992) 



